The mixed-ligand picolinato (pic) complex of Cu(II) with 4-methylimidazole (4-MeIm), [Cu(pic) 2 (4-MeIm) 2 ], was synthesized and characterized by elemental analysis, magnetic susceptibility, spectroscopic methods (UV/vis and FT-IR) and X-ray diffraction. In the slightly distorted octahe- 
Introduction
Pyridinecarboxylic acids and their derivatives are present in many natural products. They are of special interest to medicinal chemists because of the wide variety of physiological properties displayed by the natural and also many synthetic derivatives [1] . For example, picolinic acid is one of the metabolites of tryptophan [2] . Picolinic acid (pyridine 2-carboxylic acid, pic) is the body's prime natural chelator. The picolinato ligand is able to chelate metal ions and can display widely varying coordination modes as a multidentate ligand. It is the most efficient chelator for metal ions such as chromium, zinc, manganese, copper, iron and molybdenum in body fluids. Chromium picolinate favors the function of insulin, regulating blood sugar, diminishing cholesterol and fat and increasing muscle mass. It increases and regulates the secretion of insulin, such that glucose is better used and the amino acids are better absorbed [3, 4] . Zinc picolinate has a healing effect against Herpes Simplex virus [5] . One of the ways to understand the chemistry and properties of picolinic acid is to study the structures of its metal complexes [4 -7] . Imidazole derivatives are very important 0932-0776 / 06 / 1000-1217 $ 06.00 © 2006 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com model molecules since the imidazole ring occurs in a series of biological molecules such as in histidine, in Vitamin B 12 and biotin as well as in many chemotherapic agents [8] .
In this paper, we describe the preparation and the characterization by FT-IR and electronic measurements, thermal analyses data (TG and DTA) and crystal structure determination of the cis-bis(4-methylimidazole)bis(picolinato)copper(II) complex.
Results and Discussion

IR spectrum
The IR spectrum of the complex exhibits a medium intensity and broad band in the 3093 -2960 cm −1 region which can be attributed to the N-H stretching vibration of 4-MeIm. The strong and broad bands appearing in the 1632 -1381 cm −1 region are attributed to the asymmetric and symmetric stretching vibrations of the coordinated carboxylate groups of the picolinato ligand. Such absorptions have already been reported and the positions of these bands have been well described in text books and articles [9 -11] . Separation between asymmetric and symmet-ric stretching frequencies of 251 cm −1 is in agreement with a monodentate coordination mode for the carboxylate groups [9] . This is in good agreement with the results obtained from X-ray diffraction measurements. In the complex, the band at 1567 cm −1 can be attributed to the (-C=N-) stretching vibration. The M-O stretching vibration of the complex is observed at 419 cm −1 .
UV/vis spectrum and magnetic susceptibility
The electronic spectrum of [Cu(pic) 2 [12] . The absorption bands below 300 nm are due to intra-ligand transitions.
The magnetic susceptibility value of the complex is µ eff = 1.79 BM corresponding to one unpaired electron.
Thermal analysis
Thermal analysis curves of the complex (TG and DTA) are given in agreement between the experimental and calculated values was observed for the mass loss (found 25.8%; calcd. 26.8%). The strong exothermic peak at 340 • C is associated with the burning of the organic residue (found Cu 81.8; calcd. 83.2%). The final decomposition product CuO was identified by IR spectroscopy.
Crystallography π-π Stacking between aromatic rings is correlated with the electron-transfer process in some biological systems [13] . Several metal complexes are known to incorporate imidazole rings [14] . The crystal structure of the copper(II) complex shows no π-π stacking between imidazole rings.
The molecular structure is shown in Fig. 2 and the crystallographic data are summarized in Table 1 . Tables 2 and 3 list bond lengths and angles and hydrogen-bonding parameters. The Cu(II) atom has a slightly distorted octahedral coordination geometry formed by 4-methylimidazole and picolinato ligands ( Table 2 ). The Cu-O bond lengths of Cu1-O1 = 2.325(1), Cu1-O3 = 2.307(1)Å are in reasonable agreement with the values found in [15] . As shown in Table 2 , the lengths of the Cu-N bonds [2.000(2) and 2.069(2)Å] are similar to other values reported in the literature [16] . The coordination of copper(II) clearly shows the geometrical pattern typi- Fig. 2 . A view of the copper coordination, with the atom labeling scheme. Displacement ellipsoids are drawn at the 50% probability level and H atoms are shown as small spheres of arbitrary radii. cal for the Jahn-Teller effect. The Cu1-N1 and Cu1-N4 distances are shorter than the Cu1-O1 and Cu1-O3 distances, and this results in the formation of a distorted • . The dihedral angles between the picolinato ring (containing N1) and the imidazole groups are 40.3(1) and 86.6(1) • .
Fig. 3. Diagram of the C-H ···π interactions (dashed lines). H atoms not involved in C-H
The crystal packing of the title complex is formed via intermolecular hydrogen bonds and π-ring interactions. Carboxyl atoms O2 and O4 are hydrogen bonded to the picolinato ligands of a neighboring complex molecule (Table 3) . A PLATON analysis [21] shows that C-H. . . π interactions occur between the imidazole and neighboring picolinato rings (Fig. 3) 
Experimental Section
Materials and measurements
All chemicals used were analytical reagent grade products. 4-Methylimidazole was obtained from Merck. Picolinic acid was purchased from ACROS organics.
Magnetic susceptibility measurements at r. t. were performed using a Sherwood Scientific MXI model Gouy magnetic balance. The UV/vis spectrum was obtained for the aqueous solution of the complex (10 −3 M) with a Unicam UV2 spectrometer in the range 900 -190 nm. The IR spectrum was recorded in the 4000 -400 cm −1 region with a Mattson 1000 FT-IR spectrometer using KBr pellets. A TG8110 thermal analyzer was used to record simultaneous TG and DTA curves in static air atmosphere at a heating rate of 10 Kmin −1 in the temperature range 20 -1000 • C using platinum crucibles. Highly sintered α-Al 2 O 3 was used as a reference and the DTG sensitivity was 0.05 mg s −1 . The elemental analysis was carried out at the TÜBİTAK Marmara Research Centre.
Crystallographic analysis
A blue single crystal suitable for data collection was mounted on a glass fiber and data collection was performed on a STOE IPDS-II diffractometer with graphite monochromated MoK α radiation (λ = 0.71069Å) at 296 K. Details of the crystal structure are given in Table 1 . Data collection and cell refinement: STOE X-AREA [22] . Data reduction: STOE X-RED32 [22] . The structure was solved by Direct Methods using SHELXS-97 [23] and refined by full-matrix least-squares methods on F 2 using SHELXL-97 [23] . All non-hydrogen atoms were refined with anisotropic parameters. All H atoms were refined isotropically. The refined C-H and N-H bond lengths are in the ranges 0.83(4) -1.00(4) and 0.74(2) -0.76(3)Å, respectively. Molecular drawings were obtained using ORTEP-III [24] . Software used to prepare material for publication: WinGX [25] .
Crystallographic data (in cif files) for the structure reported in this paper have been deposited with the Cambridge Crystallographic Data Centre, CCDC No. 291470. Copies of this information may be obtained from the Director, CCDC, 12 Union Road, Cambridge CB2 1EZ, UK (fax: +44-1223-336033; e-mail: deposit@ccdc.cam.ac.uk or http://www.ccdc.cam.ac.uk).
Preparation of [Cu(pic) 2 (4-MeIm) 2 ]
The [Cu(pic) 2 ] ·2H 2 O complex was prepared by the method reported earlier [7] . A solution of 4-MeIm (4 mmol) in ethanol (10 cm 
